SUMMARY We report a study on the activity of NK cells ('natural' killer cells) and K cells (antibody-dependent killer cells) in human peripheral blood in health and disease. The 'targets' used were cells of the Chang cell-line, sensitised with rabbit anti-Chang cell antibody for K cell activity, and killing was assessed by release of radiochromium at effector: target ratios of 50:1 and 100:1. The positive findings were that NK cell activity, but not K cell activity, was greater in males and in youth, that NK cell activity was reduced in systemic lupus erythematosus, that neither NK nor K cell activity was altered in rheumatoid arthritis, and that K cell activity was reduced in chronic active hepatitis.
Immunopathic diseases may be associated with alterations in numbers and function of various of the subpopulation of mononuclear cells of the blood. The major subpopulation, that of T cells, has been particularly studied and, T-lympopenia and deficient T cell function characterise systemic lupus erythematosus (SLE) and related diseases (Toh et al., 1973) . Another subpopulation which comprises those cells which mediate antibody-dependent cytotoxicity (Perlmann and Holm, 1969; MacLennan et al., 1969) , were called K cells (Anonymous, 1973) . A further cellular effector function, that of natural cytotoxicity, has been identified by the demonstration firstly in mice (Greenberg and Playfair, 1974) and subsequently in man (Rosenberg et al., 1974; Jondal and Pross, 1975) , that cells from lymphoid organs of normal donors are cytotoxic in vitro to non-antibody-coated tumour cell targets, and the cells involved have been called 'natural' killer (NK) cells (Kiessling et al., 1975) .
The exact nature of cells mediating NK and K cell cytotoxicity has yet to be established, and it is still not established whether NK and K cells are the same or different cell types. Perlmann et al. (1975) have discussed the type ofeffector cell which mediates killing and differing target cells which can be used.
Accepted for publication 12 Cooper et al. (1977) described the NK and K cells as non-adherent, non-thymus-derived Fc receptorbearing lymphocytes which lack surface immunoglobulin. West et al. (1977) , using as targets a myeloid cell line, concluded that the human NK cell was a cell with Fc receptors, no complement receptors and possibly low-affinity receptors for sheep erythrocytes, and co-identity between NK and T cells was suggested.
The present study was designed to assess K cell and NK cell activity in peripheral blood of healthy persons to determine whether activity differed according to sex and age, and to establish whether various immunopathic diseases, SLE, rheumatoid arthritis (RA) and chronic active hepatitis (CAH) were associated with altered K or NK activity.
Patients and methods

GROUPS OF SUBJECTS STUDIED
Healthy persons were selected on the basis of pairing with patients in the disease groups under study (see below). The healthy persons (medical and laboratory staff) comprised 26 females whose mean age ± standard deviation was 30 ± 4 years and 17 males whose mean age was 35 I 4; of the 26 females, 17 were aged between 20-40 and 9 between 40-60.
Diagnostic criteria for the diseases studied were as described by Morris et al. (1977 (1969) , followed by a booster injection of 10 million Chang cells intravenously at 21 days. The rabbits were bled (35 ml) after 18 days, and serum was separated and loaded on to a column of protein-A Sepharose (Pharmacia, Uppsala, Sweden). The immunoglobulin G (IgG) was eluted with 0 15 M sodium chloride containing 0-58% v/v glacial acetic acid, pH 4 5, and the eluate was dialysed overnight at 40C against phosphate buffered saline (PBS), pH 7 2. The dialysed eluate was centrifuged at 12 000 g, and the protein concentration of the supernatant was determined. Various dilutions were assessed for anti-Chang cell activity. The preparation was diluted in PBS, pH 7-2, to the lowest concentration producing optimal cytotoxocity and was stored at -200C. Dacie and Lewis (1975) , and counts of E-rosetteforming cells (E-RFC) as described by Whittingham et al. (1977) .
EXPRESSION OF RESULTS AND STATISTICS
NK cell activity (% cytotoxicity) was expressed as:
(51Crrelease inpresence ofF(ab')2-spontaneous release) x 100 maximum release -spontaneous release and K cell activity (antibody-dependent cellmediated cytotoxicity) as:
(51Cr release in IgG-5Cr release in presence of F(ab')2) x 100 maximum release-spontaneous release Spontaneous release ranged between 23 % and 30%. Data for the healthy control subjects are presented for males and females, and according to the age ranges 20-39 and 40-59, and for each of the disease groups compared with their matched controls.
Results are expressed for E:T ratios of 50:1 and 100:1, and for NK and K cell activity. Differences between means were compared for significance by the Mann-Whitney rank test; one-tailed significance levels are cited.
Results
NK-CELL-MEDIATED CYTOTOXICITY
The data for all groups are shown in Fig. 1 . Among the healthy subjects levels of NK-cell-mediated cytotoxicity were considerably greater in males than in females, and in younger than in older females. The NK cell cytotoxicity of the females was 56% and 65% of that of the males at the two E:T ratios of 50:1 and 100:1, and these differences were significant (P<0*001; P<0 005). The effect of age was assessed only in females, the number of males being too few for analysis. At E:T ratios of 50:1 and 100:1 the NK cell cytotoxicity of the older females was 56% and 64% of that of the younger females (P<0 05 for E:T of 100:1). For patients with SLE, NK cell cytotoxicity was significantly lower than for controls at the E:T ratio of 100:1 (P<0.005). Depressed NK cell cytotoxicity in SLE could not be correlated with the clinically assessed severity of disease nor with treatment regimens (data not shown). For patients with RA and CAH, NK cell cytotoxicity was not significantly different from that of the controls. Correlation coefficients were calculated for NK cell cytotoxicity and numbers ofcirculating lymphocytes, monocytes, and E-RFC in the blood, but no statistically significant relationships were demonstrable.
K-CELL-MEDIATED (ANTIBODY DEPENDENT) CYTOTOXICITY
The data for all groups are shown in Fig. 2 . Among healthy subjects K cell cytotoxicity, in contrast to NK cell cytotoxicity, was similar to females and males, and older females showed a slight and nonsignificantly greater degree of K cell cytotoxicity than did younger females. For patients with SLE and RA, K cell cytotoxicity was similar to that of the controls, but patients with CAH showed significantly less K cell activity than did controls at E:T ratios of 50:1 and 100:1 (P<0 05). Fig. 2 Comparison of K cell cytotoxicity according to sex, age (females), and disease, at effector-to-target ratios of 50:1 and 100:1. There was a significantly lower K cell cytotoxicity in chronic active hepatitis (CAH). 
Discussion
This study describes the measurement of nonspecific cell-mediated cytotoxicity in man by means of peripheral blood lymphocytes as effector cells and Chang cells as targets, in effector-to-target ratios of 50:1 and 100:1. The method allowed for separate assessment of natural killer (NK) cell cytotoxicity and antibody-dependent (K) cell cytotoxicity. Among healthy persons NK cell cytotoxicity in males was significantly greater than that in comparably aged females. and activity in females was lower in the older than the younger, but K cell cytotoxicity did not differ according to sex or age. Among the disease groups studied the level of NK cell cytotoxicity was greatly reduced in patients with SLE, and the level of K cell cytotoxicity was moderately reduced in patients with CAH.
Laboratory procedures for assessment of NK and K cell activity in man are far from standardised, and methodological variables and differences which could invalidate comparisons of published results on nonspecific cytotoxicity of human blood cells include the target-cell and E:T ratios used, failure to dissociate effects attributable to NK and K cell cytotoxicity and influence of sex and age. Given these variables, we may note that the higher level of NK cell cytotoxicity in our study in males, and in younger as opposed to older subjects, corresponds with reported findings in mice and guineapigs (Roder and Kiessling, 1978; Altman and Rapp, 1978) and in man (Santoli et al., 1978) , using tumour cells as targets, although a consensus on sex and age effects in man is not yet available (Herberman and Holden, 1978) . Petranyi et al. (1974) and Santoli et al. (1976) suggested that in man genetic factors could regulate NK cell and K cell cytotoxicity, because the hyperactivity of males was associated with HLA B12. Correlations between HLA and degrees of cytotoxicity were not sought in the present study.
In SLE there have been several studies on non-T cell cytotoxicity and low levels of activity have been reported (Schneider et al., 1975) , but whether this could be attributed to decreased NK or K cell activity is uncertain. Horwitz and Juul-Nielsen (1977) described the 'L lymphocyte' as a possible mediator of NK cell activity and found in patients with SLE that this cell type was reduced in number to 50 % of normal. This would be consistent with the low NK cell activity of our patients with SLE. A reduction in number and activity of L (or NK) cells in SLE was attributed to an effect of coldreactive lymphocytotoxic antibodies (Horwitz and Juul-Nielsen, 1977) .
In rheumatoid arthritis there are differing reports on the degree of non-T cell cytotoxicity. Isturiz et al. (1976) and McGill and Twinn (1977) , using sheep erythrocytes as targets, found antibodydependent cellular cytotoxicity to be reduced, and in the latter study the degree of reduction correlated with activity of the disease. On the other hand DiazJouanen et al. (1976) , using chicken erythrocytes as targets, and Panayi and Corrigall (1977) using Chang cells as targets, calculated from assays of K cell activity that the number and functional capacity of K cells in rheumatoid arthritis was similar to that of controls. Chronic active hepatitis has not been widely studied from the standpoint of the integrity of nonspecific cellular cytotoxicity, though cellular cytotoxicity has been implicated as the cause of liver cell destruction in this disease (Cochrane et al., 1978) . Vierling et al. (1977) , using tumour cells as targets, reported normal NK and K cell activity in a small group of patients with chronic active and chronic persisting hepatitis, whereas Cochrane et al. (1978) , using visual assessment of cytotoxicity for rabbit liver cells as targets, found above-normal levels in untreated CAH, with a decrease towards their normal range during remission. In the present study it was found that K cell (although not NK cell) activity was lower than for controls. Possibly treatment with azathioprine, which had been taken by most of our patients as an immunosuppressive drug, could account for this (Eckhardt et al., 1977) . Kakumu et al. (1978) reported that non-T-cellmediated cytotoxicity against Chang cell targets was increased in CAH, and, since the targets were not coated with antibody added to the system, NK activity was apparently responsible. The less likely possibility was that small amounts of antibody reactive with Chang cells could have been released by some B cells in the culture. In view of the several studies in CAH (Kakumu et al., 1978; Cochrane et al., 1978) 
